Phytotoxicity, cytotoxicity and genotoxicity evaluation of organic and inorganic pollutants rich tannery wastewater from a Common Effluent Treatment Plant (CETP) in Unnao district, India using Vigna radiata and Allium cepa by Yadav, Ashutosh et al.
Middlesex University Research Repository
An open access repository of
Middlesex University research
http://eprints.mdx.ac.uk
Yadav, Ashutosh, Raj, Abhay, Purchase, Diane ORCID: https://orcid.org/0000-0001-8071-4385,
Ferreira, Luiz Fernando R., Saratale, Ganesh Dattatraya and Bharagava, Ram Naresh (2019)
Phytotoxicity, cytotoxicity and genotoxicity evaluation of organic and inorganic pollutants rich
tannery wastewater from a Common Effluent Treatment Plant (CETP) in Unnao district, India
using Vigna radiata and Allium cepa. Chemosphere, 224 . pp. 324-332. ISSN 0045-6535
(doi:10.1016/j.chemosphere.2019.02.124)
Final accepted version (with author’s formatting)
This version is available at: http://eprints.mdx.ac.uk/26229/
Copyright:
Middlesex University Research Repository makes the University’s research available electronically.
Copyright and moral rights to this work are retained by the author and/or other copyright owners
unless otherwise stated. The work is supplied on the understanding that any use for commercial gain
is strictly forbidden. A copy may be downloaded for personal, non-commercial, research or study
without prior permission and without charge.
Works, including theses and research projects, may not be reproduced in any format or medium, or
extensive quotations taken from them, or their content changed in any way, without first obtaining
permission in writing from the copyright holder(s). They may not be sold or exploited commercially in
any format or medium without the prior written permission of the copyright holder(s).
Full bibliographic details must be given when referring to, or quoting from full items including the
author’s name, the title of the work, publication details where relevant (place, publisher, date), pag-
ination, and for theses or dissertations the awarding institution, the degree type awarded, and the
date of the award.
If you believe that any material held in the repository infringes copyright law, please contact the
Repository Team at Middlesex University via the following email address:
eprints@mdx.ac.uk
The item will be removed from the repository while any claim is being investigated.
See also repository copyright: re-use policy: http://eprints.mdx.ac.uk/policies.html#copy
 1  
  
Phytotoxicity, cytotoxicity and genotoxicity evaluation of organic and 
inorganic pollutants rich tannery wastewater from a Common Effluent 
Treatment Plant (CETP) in Unnao district, India using Vigna radiata and 
Allium cepa 
Ashutosh Yadav1, Abhay Raj2, Diane Purchase3, Luiz Fernando R. Ferreira4, Ganesh  
Dattatraya Saratale5, and Ram Naresh Bharagava1*  
1Laboratory for Bioremediation and Metagenomics Research (LBMR), Department of  
Microbiology (DM), Babasaheb Bhimrao Ambedkar University (A Central University), Vidya Vihar, Raebareli Road, 
Lucknow 226 025, Uttar Pradesh, India  
2Environmental Microbiology Laboratory, Environmental Toxicology Group, CSIR-Indian  
Institute of Toxicology Research (CSIR-IITR), Vishvigyan Bhavan 31, Mahatma Gandhi Marg, Lucknow 226 001, 
Uttar Pradesh, India  
3Department of Natural Sciences, Faculty of Science and Technology, Middlesex University, The Burroughs, 
Hendon, London, NW4 4BT, England, United Kingdom  
4Institute of Technology and Research, Tiradentes University, Campus Farolandia, Aracaju,  
Brazil  
5Department of Food Science and Biotechnology, Dongguk University-Seoul, Ilsandong-gu, Goyang-si, Gyeonggi-do, 
10326, Republic of Korea  
 
*Corresponding author: Dr. Ram Naresh Bharagava   
E-mail addresses: bharagavarnbbau11@gmail.com, ramnaresh_dem@bbau.ac.in  




 3  
  
Abstract  
The leather industry is a major source of environmental pollution in India. The wastewater generated by 
leather industries contains very high pollution parameters due to the presence of a complex mixture of 
organic and inorganic pollutants even after the treatment at a Common Effluent Treatment Plant (CETP) 
and disturbs the ecological flora and fauna. The nature, characteristics and toxicity of CETP treated 
wastewater is yet to be fully elucidated. Thus, this study aims to characterize and evaluate the toxicity of 
CETP treated tannery wastewater collected from the Unnao district of Uttar Pradesh, India. In addition 
to measuring the physico-chemical parameters, the residual organic pollutants was identified by GC-MS 
analysis and phytotoxicity, cytotoxicity and genotoxicity of the treated wastewater was evaluated using 
Vigna radiata L. and Allium cepa L. Results showed that the treated wastewater contained very high 
pollution parameters (TDS 3850mg/L, BOD 680mg/L, COD-1300mg/L). GC-MS analysis revealed the 
presence of various types of residual organic pollutants including benzoic acid, 3-[4,-(T-butyl) Phenyl] 
furan-2-5-dione, benzeneacetamide, resorcinol, dibutyl phthalate, and benzene-1,2,4-triol. Further, 
toxicological studies showed the phytotoxic nature of the wastewater as it inhibited seed germination in 
V. radiata L. and root growth of A. cepa. Genotoxicity was evidenced in the root tip cell of A. cepa where 
chromosomal aberrations (stickiness, chromosome loss, C-mitosis, and vagrant chromosome) and 
nuclear abnormalities like micronucleated and binucleated cells were observed. Thus, results suggested 
that it is not safe to discharge these wastewater into the environment. 
Keywords: Tannery wastewater; Residual organic pollutants; Genotoxicity; Chromosomal aberrations  
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1. Introduction  
The leather industry is an important economic sector in many developing countries including India. 
However, it is also a major source of environmental pollution due to the discharge of huge volume of 
potentially toxic and hazardous wastewater into the receiving water body, which negatively affect 
societies (Dixit et al., 2015; Montalvão et al., 2017; Chowdhary et al., 2018). The wastewater discharged 
from leather industries are characterized by high pH, chemical oxygen demand (COD), biochemical  
oxygen demand (BOD), total dissolved solids (TDS), chromium, sulfate, phosphate, chloride and highly 
toxic organic pollutants that makes the wastewater unfit for irrigation and poses serious damage to 
plants and human being (Kumari et al., 2016; Bharagava and Mishra, 2018). In India, there are more 
than 2500 tanneries, of these, nearly 80% are based on chrome tanning process which account for 15% 
of the total worldwide leather production (Shukla et al., 2009; Chandra et al., 2011). The majority of 
small-scale tanneries cannot afford their own effluent treatment plant, instead they depends on a 
central facility, the Common Effluent Treatment Plant (CETP), to manage their wastewater. In the CETP, 
combined effluent from nearby tanneries are brought to a central place for the treatment (Pathe et al., 
2004). More than 150 have been set-up so far under the Indian government scheme for the treatment 
of industrial wastewater. 
The continuous discharge of the tannery wastewater into the environment is of serious eco-toxicological 
concerns (Matsumoto et al., 2006; Bharagava and Mishra, 2018). The chemicals used in tannery for the 
tanning process include synthetic organic pollutants like tannins, pthalates, phenolic compounds, azo 
dyes, surface-active compounds, pesticides, sulphonated oils and grease that are not completely 
degraded through secondary CETP and are released untreated. Continuous releases of residual organic 
pollutants in tannery wastewater into the Ganga River through the drains have been a growing 
environmental concern (Tare et al., 2003; Alam et al., 2009; Chandra et al., 2009) and require urgent 
attention for the protection of environment and human health. The nature and characteristics of the 
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residual organic pollutants in tannery wastewater, which are not significantly degrade during the 
secondary treatment process at CETP, have yet to be fully investigated. 
The present study aims to characterize and identify the residual organic pollutants remained in tannery 
wastewater after the secondary treatment process carried out at a CETP in the Unnao district of Uttar 
Pradesh, India and to evaluate the phytotoxicity, cytotoxicity and genotoxicity assessment of these 
residual organic pollutants present in tannery wastewater using agriculture crop Vigna radiata and 
Allium cepa. 
A. cepa L. has been regarded as a suitable plant model to assess chromosomal damage and disturbances 
in the mitotic cycle due to the presence of good chromosome conditions such as large chromosomes 
and in a reduced number (2n=16). The A. cepa test, a relatively easy, rapid, sensitive and highly 
reproducible plant model has been strongly recommended for the toxicity/genotoxicity evaluation of 
environmental contaminants present in water, wastewater, sludge and soils (Fiskesjo, 1985; Leme and 
Marin-Morales, 2009; Haq et al., 2017). 
2. Materials and Methods   
2.1. Collection of treated tannery wastewater and its physico-chemical characterization  
The wastewater samples collected from the outlet of CETP-Unnao, located in the Unnao district of Uttar 
Pradesh, India (Fig. 1) in pre-sterilized plastic containers (capacity 5-L) were brought to the laboratory 
and stored at 4 °C. CETP-Unnao was in operation since 1994. This is an activated sludge process (ASP) 
based CETP, treating ∼1.9 MLD wastewater received from a cluster of ∼25 tanneries located in nearby  
areas against a design flow of ∼2.15 MLD. The quality of the treated wastewaters often fails to conform 
to the prescribed limits recommended by the pollution control bodies of India (CPCB, 2013). Therefore, 
we have chosen this site for the study. The collected samples were immediately processed for physico-
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chemical parameters analysis, residual organic pollutants detection and charactertization as well as 
toxicity evaluation tests. The analysed parameters included pH, BOD, COD, TDS, TSS, total chloride, 
phenolics, nitrate, phosphate and sulfate (APHA, 2012). The pH was measured with a digital pH meter 
(Metrohm, USA). Digested samples (100mL) in a digestion mixture of nitric-perchloric acid (5:1) were 
used to determine total chromium using atomic absorption spectroscopy (AAS) (GBC, Avanta Sigma, 
Australia) (APHA, 2012). 
 (APHA, 2012). 
  
Figure 1: Location of sampling site (CETP, Unnao) and discharge of treated tannery wastewater through 
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2.2. Characterization and identification of residual organic pollutants from treated tannery 
wastewater   
2.2.1. Extraction of residual organic pollutants from collected tannery wastewater by using 
different solvents systems  
Extraction of the residual organic pollutants from wastewater was performed by liquid-liquid extraction 
(LLE) method using different combination of organic solvents (Minuti et al., 2006). Briefly, centrifuged 
(8000×g for 20minat 4 °C) samples (200mL) were acidified to pH2.0 using 1N HCl and then extracted 
three times with the equal volume of solvent system containing 100mL of dichloromethane (DCM) and 
100mL of diethyl ether (solvent system-1) and 100mL of dichloromethane (DCM) and 100mL of n-
haxane (solvent system-2) in a separating funnel (500mL) by intermittent shaking (Haq et al., 2017). The 
solvent layer containing residual organic pollutants was separated and evaporated to dryness under 
vacuum at 40 °C. The extracts were dissolved in 2mL of DCM and passed through syringe filter (0.22 μ
m). All the organic solvents used were of HPLC grade (purity >99%).   
2.2.2. GC-MS/MS analysis  
The extracts were derivatized using trimethyl silyl (BSTFA (N, O-bis (trimethylsilyl) trifluoroacetamide) 
TMCS) at 60 °C for 15min (Marco et al., 2007). Silylated samples (1 μL) were injected into the GC-MS 
(PerkinElmer, Waltham, MA, USA) equipped with a PE auto system XL gas chromatograph interfaced 
with a Turbomass mass spectrometric mass selective detector. Helium gas was used as carrier gas with 
flow rate of 1mLmin−1 in column, which was programmed as: 50 °C (5 min); 50–300 °C (10 °C.min−1, hold 
time: 5 min). The electron ionization (EI) mass spectrum was recorded in full-scan mode in the range of 
30–550 (m/z) at 70 eV. To identify the compounds, the mass spectra of peaks were compared with that 
of National Institute of Standards and Technology (NIST) library available with the equipment.  
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2.3. Toxicological evaluation of CETP treated tannery wastewater for environmental safety  
2.3.1. Phytotoxicity test using Vigna radiata L.  
Mung bean (Vigna radiata L.) seed germination and seedling growth test was performed as per the 
established protocol (OECD, 2003; Bharagava and Chandra, 2010). Mung bean seeds were purchased 
from a local certified seed seller shop and healthy seeds were surface sterilized with 0.2% (w/v) HgCl2. 
Six test solutions of treated wastewaters were prepared (6.25%, 12.5%, 25%, 50%, 75% and 100%, v/v) 
with distilled water. Petri dishes (20mm×120mm) containing 10 seeds were irrigated with 5mL test 
solutions and seeds irrigated with tap water were treated as control. The test Petri dishes were 
incubation at 28±1 °C in a BOD incubator. The number of seeds germinated was recorded after 48 h and 
expressed in terms of percentage (%) germination. Seedlings growth parameters (root and shoot length) 
were measured after 5 days of treatment (Bharagava and Chandra, 2010; Kumari et al., 2014). The 
studies were experimented in triplicate.    
2.3.2. Phytotoxicity test using Allium cepa L.  
Onion (Allium cepa L.) root growth inhibition test was carried out by growing the onion bulbs in tannery 
wastewaters. The onion bulbs purchased from a local market of Lucknow were healthy and equal-sized. 
The outer layer of onion bulbs and the dry bottom plate was removed, while taking care of root 
primordial. 
Five onion bulbs were placed over 50mL Falcon tubes filled with test solutions (6.25%, 12.5%, 25%, 50% 
and 100%, v/v). The tubes were kept in an incubator at 23 °C for 5 days. The test solutions stored at 4 °C 
were refilled morning and evening to ensure the contact between onion bulbs and samples present in 
the tubes. After 5 days, the onion bulbs exposed at each concentration were observed for the root 
growth and lengths. The inhibition in root growth was measured and was correlated with an index of 
degree of toxicity (Fiskesjo, 1985).  
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2.3.3. Genotoxicity studies  
The genotoxicity of treated wastewaters were measured in terms of chromosomal aberrations in the 
root tip cells of A. cepa. This study was conducted using three test solutions (6.25%, 12.5% and 25% v/v) 
of treated wastewaters. Five onion bulbs were initially rooted in tap water for 48 h till root length 
reached 1–2cm and then transferred to test solutions for 24 h, to complete the cell cycle in 
meristematic cells of A. cepa roots within 24 h. To evaluate the cyto and genotoxicity, the root tips were 
fixed in alcohol and glacial acetic acid (3: 1) fixative for 12 h at 60–70 °C and after washing with distilled 
water, the root tips were hydrolyzed with 1N HCl at 60–70 °C for 5 min. After proper washing the root 
tips were processed for slide preparation using haemotoxylin as the stain (Chauhan and Sundararaman, 
1990; Haq et al., 2017). Mitotic Index was determined by scoring approximately 4000 cells (500–1000 
cells per slide). All the slides were microscopically analysed to calculate the mitotic index (MI) and 
chromosomal aberrations (CA). MI and CAs were calculated using following formula: 
Mitotic Index (%) = (Number of dividing cells/Number of total observed cells) ×100. 
Chromosomal Aberrations (%) = (Total aberrant cells/Number of total observed cells) ×100. 
2.3.4. Statistical data analysis  
All the experiments were carried out in triplicates and values are presented as mean ± standard 
deviation (SD). Analysis of variance (ANOVA) followed by Dunnett's post multiple comparison tests was 
also performed for MI and CA values. The value of p<0.05 was considered significant. Statistical analysis 
was performed using IBM SPSS Statistics-20.0 software. 
3. Results and Discussion  
3.1. Physico-chemical characteristics of treated tannery wastewater  
Tannery is one of the highest environmental polluting industry due to the discharge of wastewater 
containing high concentration of hazardous waste including heavy metal like chromium. Over the years, 
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many new chemicals has been introduced in tanning processes. Hence, detail analysis of wastewater 
generated from tanneries are essential for better understanding of the toxicity and chemical nature of 
the effluents. The results of physico-chemical analysis of the CETP treated tannery wastewater is 
summarized in Table 1. The wastewater was found to have high concentration of BOD (680.00±20mg.L-
1), COD (1300.00±45mg.L-1), EC (4.40±0.2MS.cm-1), TDS (3850.00±10.0mg.L-1), (566.00±12.5mg.L-1), 
sulfate (8.64±0.42mg.L-1), phosphate (26±2mg.L-1), nitrate (12.3±0.3mg.L-1), chloride (1434±12mg.L-1) 
and phenolic (10.5±0.5m g.L-1). The nature of wastewater was alkaline (pH 8.45±0.18). High 
concentration of total chromium (7.39±0.06mg.L-1) was also observed. The values of the physico-
chemical parameters were higher than the permissible limits for effluent discharge as suggested by 
CPCB (CPCB, 2013 and USEPA (U.S. Environmental Protection Agency (USEPA), 2004) and Table 1 clearly 
indicates the toxic nature of wastewater treated by the CETP-Unnao.   
The discharge of wastewater from CETP affects the flora and fauna of the aquatic ecosystem by blocking 
the sunlight penetration in receiving water bodies and photosynthetic activity, thus, negatively affects 
the aquatic life (Sukumaran et al., 2008; Deepa et al., 2011). The high TDS value is also toxic to aquatic 
lives by causing osmotic stress and affecting the osmoregulatory functions of organisms (Thakur and 
Srivastava, 2011). The high BOD and COD values of the tannery wastewater might be due to the 
presence of high organic contents and salts in the wastewater (Mishra and Bharagava, 2016). High salts 
are responsible for acidification, reduced soil fertility and increased salinity of groundwater and rivers. 
The high sulfate, phosphate and nitrate content in the tannery wastewater could be associated with the 
use of sulfuric acid and sulfide in dehairing process during the tanning process (Yadav et al., 2016a). The 
high TDS level in wastewater directly indicates the presence of metal ions in the system. Monosodium, 
disodium phosphates, polyphosphates used in leather treatment processes and ammonium salts in 
deliming and bating process, are responsible for eutrophication that disturbs the normal ecological 
functioning of receiving water bodies (Saxena et al., 2016). Phenolics, listed as the “priority pollutant” by 
the Environmental Protection Agency (USEPA) (2014) owing to its toxic, genotoxic and carcinogenic 
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effects in plants, animals and human beings, are also high in wastewater due to its utilization in the 
preservation of raw hides/skins and leather finishing (Mishra and Bharagava, 2016). Chromium used in 
leather tanning as fastening agent for marking and surfacing of leather was also found to be in higher 
(7.39mg L-1) (Lofrano et al., 2013; Yadav et al., 2016b) than the permissible limit (2mg L-1). High Cr level 
causes toxic, genotoxic, mutagenic, and carcinogenic effects on humans, animals, plants, and microbes 
as reported by various authors (Mishra and Bharagava, 2016; Chowdhary et al., 2018).   
Table 1: Physico-chemical characteristics of CETP treated tannery wastewater with reference to the 
national and international standards. 
 
All the values are mean of triplicates (n = 3) ± SD; BOD: Biological oxygen demand; COD: Chemical 
oxygen demand; TS: Total solids; TDS: Total dissolved solids; TSS: Total suspended solids 
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3.2. Residual organic pollutants (ROPs) present in treated tannery wastewater   
Tannery wastewater has complex mixture of various chemicals pollutants, they are not possible to 
extract using single solvent extraction method. Therefore, combinations of different solvent systems 
were used to extract the majority of organic pollutants for GC-MS analysis. The ROPs identified by GC-
MS in the extract of DCM-diethyl ether (1:1) using NIST library were mainly derivatives of fatty acids and 
organic acids (Fig. 2A). In the GC-MS analysis, various major peaks were observed and ROPs were 
identified at different retention time (RT) viz., RT 6.11 (hexadecanoic acid), 9.77 (Docosane), 12.26 
(benzoic acid), 12.83 (3-[4,-(T-Butyl) Phenyl] furan-2-5-dione), 18.44 (benzeneacetamide), 27.44 
(resorcinol), 30.35 (dibutyl phthalate), 33.93 (benzene 1,2,4 triol), and 35.52 (1-phenyl-2-phenylthio), 
respectively. Minor peaks at RT 13.24 (1-pentene1,3-diphenyl), 21.67 (2-bromotetradecanoic acid), 
26.67 (phosphoric acid), 37.01 (9-octadecanoic acid), 44.21 (octadecanoic acid) and 48.63 
(monopalmitin), respectively.   
Further, GC-MS analysis of extracts of DCM-n-hexane (1:1) solvent system showed the presence of fatty 
acids and carboxylic acids (Fig. 2B & Table 2). The major peaks at RT 7.53 (propanoic acid), 7.93 
(banzeneacetic acid), 12.29 (benzoic acid), 12.84 (3-[4,-(T-Butyl) Phenyl]furan-2-5-dione), 13.89 (2-
pentenoicacid), 18.44 (benzeneacetamide), 24.07 (dodecanoic acid), 27.44 (resorcinol), 30.34 (dibutyl 
phthalate), 33.93 (benzene 1,2,4 triol) and 35.52 (1-phenyl-2-phenylthio) were the identified 
compounds . Compounds at minor peaks at RT 37.01, (9-octadecanoic acid), 41.41 (10-undecynoic acid), 
46.47 (Docosanoic acid 1,2,3-propanetriyl) and 48.89 (acetic acid) were also identified.  
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Table 2: Residual organic pollutants identified as TMS (Trimethylsilyl) derivatives by GC-MS/MS analysis 
of CETP treated tannery wastewater extracted with solvent system containing dichloromethane + 
diethyl either (A) and dichloromethane + n-hexane (B). 
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Figure 2: GC-MS chromatogram of dichloromethane + diethyl either (A) and dichloromethane + n-
hexane (B) extracts of CETP treated TWW showing the presence of various residual organic pollutants 
(ROPs).  
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The detection of compounds in the treated tannery wastewaters clearly indicates (Table 2) the 
recalcitrant nature of these compounds as they were not degraded completely during the secondary 
treatment in the CETP and were discharged into the environment along with the wastewater (Chandra 
et al., 2011). Fatty acids such as hexadecanoic acid, dodecanoic acid, and octadecanoic acid might be 
originated as a result of processing of raw hide/skins (Saxena et al., 2016). Phthalate (such as dibutyl 
phthalate: DBP), benzoic acid and resorcinol are used as plasticizers to increase the flexibility and 
pliability of leather products, as biocide in raw hide/skins preservation and as surfactants, respectively in 
Phthalates such as, dibutyl phthalate, diethyl phthalate, butylbenzyl phthalate, and diethylhexyl 
phthalate and phthalic acid have been listed as priority pollutants by USEPA (He et al., 2015). Discharge 
of these phthalates causes water pollution and serious toxicological effect in aquatic organisms, such as 
animals and fishes etc (Alam et al., 2009; Chen et al., 2014; Saxena et al., 2016). Benli et al. (2016) also 
reported that phthalates bioaccumulation leads to genotoxic effects, endocrine disruption, disruption of 
antioxidant defence system in plants and human. 
Phenolic compounds and phthalates are reported as potential endocrine disrupting chemicals (EDCs). 
Benzoic acid, a well-known EDCs was detected in the tannery wastewater by GC-MS. It has been 
classified as a Group B2, a probable human carcinogen and highly toxic to aquatic organisms (Kumari et 
al., 2016; (USEPA, 2012). Benzene is known carcinogen was also observed and its presence in tannery 
wastewater might be associated with the use of phthalate and phenolics compounds in leather 
industries (Lyche et al., 2009; U.S. Environmental Protection Agency (USEPA), 2004; Dixit et al., 2015) 
(Table 2). Further, recently classified EDCs such as resorcinol, hexadecanoic acid, and octadecanoic acid 
were also detected in tannery wastewater (U.S. Environmental Protection Agency (USEPA), 2004). The 
result of the present studies suggests that combination of DCM + n-hexane organic solvents was able to 
extract maximum number of ROPs and thus, will be useful in the extraction of organic pollutants from 
tannery and other wastewater. In the last few years, leather-tanning has adapted an eco-friendly, 
non/less toxic and biodegradable chemicals as per strict regulations to limit the pollution level. 
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However, the quality of treated wastewater has not yet improved, which is apparent from present 
study. 
3.3. Phytotoxicity of tannery wastewater  
The toxicity tests combined with physico-chemical analysis are essential in the evaluation of effluent 
quality. Hence, treated wastewater was assessed for its phytotoxic and genotoxic nature. The seed 
germination test is considered as one of the simplest short-term, sensitive and cost effective method of 
phytotoxicity evaluation for wastewaters (Rusan et al., 2015; Lyu et al., 2018). Seed germination is a very 
sensitive process, likely to be disturbed by the substances present in the environment. In the present 
study, mung bean (Vigna radiata L.) seeds germination test (48 h) was carried out in different 
concentrations of treated tannery wastewater. The result of mung seed germination inhibition upon 
exposure to different concentrations of wastewater is given in Table 4, which showed 50% seed 
germination inhibition at 50% wastewater concentration. Hence, the noted value of IC50% for seed 
germination was 50% (v/v) concentration (data not shown). At 75 and 100% (v/v) wastewater 
concentrations, the percentage of seed germination was 10 and 30%, respectively. 
The effect of wastewater on early seeding growth (5-seedling) after 5 days is apparent in Table 3. 
Seedling growths gradually decreased with increasing concentration of treated wastewaters. However, 
compared to the controls, the root lengths of seedling were highest at 12.5% (v/v) and thereafter 
gradually decreased with increasing concentrations of treated wastewater (Table 3). Notable reduction 
in root length, and shoot length were observed at 75 and 100% wastewater concentrations, 
respectively, which might be due to the effect of high salts and phenolics and ROPs present in the 
treated wastewater (Kumari et al., 2016). Oliveira (2012) reported that the inhibition of seed 
germination percentage was associated with high TDS and Cr ion in wastewater causing the osmotic 
stress and toxicity in plants (Kasoobi, 2017). Phenolics content in wastewater alters the homeostatic of 
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plants through the over production of reactive oxygen species as reported earlier (William et al., 2017; 
Lyu et al., 2018).  
Further, the phytotoxic effect of tannery wastewater was measured in term of root growth inhibition 
test using Allium cepa. Root growth inhibition in Allium cepa root has been considered as a toxicity 
indicator since it may result from inhibition of the cell division (Fiskesjo, 1985; Egito et al., 2007). The 
effect of different concentrations of tannery wastewater on root growth and length of A. cepa Fig. 3(a) 
and (b). Initially, the onion bulbs were rooted in different concentrations of wastewater (0–100% v/v) to 
observe the root growth of A. cepa and results showed that wastewater beyond 25% was inhibitory for 
root growth. The inhibition was more pronounced at 50%. The IC50% value of wastewater for root 
growth inhibition was 10% (v/v) wastewater concentration (data not shown). The recorded mean root 
lengths after 5 days treatment were 0.6, 2.2, 5.6, and 7.1cm when grown in 50%, 25%, 12.5%, 6.25% and 
0%, respectively (Fig. 3b). The prevention of root growth above 25% water concentration is indicative of 
the presence toxic pollutants in tannery wastewater. The chromium and GC-MS detected other residual 
organic pollutants such as benzoic acid, 3-[4,-(T-butyl) Phenyl] furan-2-5-dione, benzeneacetamide, 
resorcinol, dibutyl phthalate, benzene-1,2,4-triol, and 1-Phenyl-2-phenylthio detected in tannery 
wastewater are earlier reported to cause cell division, change in chlorophyll contents, which directly 
influences the root growth, length and biomass of plant (Salminen and Karonen, 2011; Gao and Wen, 
2016; Lyu et al., 2018). 
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Table 3: Effect of different concentrations of CETP treated tannery wastewater on seed germination, 
root length, and shoot length in mung bean (Vigna Radiata) plant. 
Values are mean ± SD (n=3). The *refers to statistically significant difference from control (p<0.05)  
 
 
Fig 3: Effect of different concentrations of CETP-treated tannery wastewater on root growth (a) and root 
length (b) of A. cepa. Values are mean ± SD of three samples.  < 0.05, significant when compared to 
control using ANOVA. 
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3.4. Cytotoxicity and genotoxicity of tannery wastewater   
The cytotoxic and genotoxic effects of treated tannery wastewater were evaluated on the basis of 
mitotic index (MI) and chromosomal aberrations (CA) in root tip cell of A. cepa. 
3.4.1. Mitotic index  
Mitotic index (MI) is a good experimental method to assess the cytotoxic effect of variety of pollutants 
in the cell division. MI measures the proportion of cells in mitotic phase of a cell cycle and its inhibition 
could be interpreted as cellular death (Rojas et al., 1993). The cytotoxic effect of treated tannery 
wastewater in A. cepa roots is summarized in Table-4. Results revealed that the percent mitotic index 
(MI%) value of plant root was in the order of 31%, 23%, and 16% as compared to control (66%) at the 
concentration of 6.25, 12.5%, and 25% wastewater respectively. The MI% decreased progressively with 
increasing wastewater concentrations indicating the presence of various cytotoxic residual organic 
pollutants in the treated tannery wastewaters. These pollutants may interfere with normal process of 
mitosis, thus preventing a number of cells from entering the prophase and blocking the mitosis cycle 
during interphase (Srivastava, 2015; Haq et al., 2017). The inhibition of MI% may be attributed to the 
effect of pollutants on DNA/protein synthesis. The results are in agreement with earlier studies where A. 
cepa root cells were exposed to wastewaters (Rojas et al., 1993; Haq et al., 2017). 
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Table 4: Effect of different concentrations of CETP treated tannery wastewater on Mitotic index (%) of 
root tip cells of A. cepa. 
Values are mean ± SD (n=3). The *refers to statistically significant difference from control (p<0.05), TWW = 
Tannery wastewater 
3.4.2. Chromosomal aberrations  
Chromosomal aberration (CA) analysis of the root tip cells of A. cepa is considered as an efficient test to 
investigate the genotoxic, clastogenic and aneugenic potential of chemical agents and industrial 
wastewaters. CA has been characterized by changes in either of chromosomes structure, which can 
occur both spontaneously and as well as result of the exposure to physical or chemical agents (Kumari et 
al., 2016; Papa et al., 2016). Various types of chromosomal aberrations are considered over the four 
stages of the cell cycle (prophase, metaphase, anaphase, and telophase) as depicted in Table 5 and Fig. 
4.  
Results showed that there was no chromosomal abnormalities in the control cells treated with tap 
water. On the other hand, treatment with different concentrations of tannery wastewater induced 
various types of chromosomal aberrations and nuclear abnormalities (Fig. 4). The observed aberrations 
were chromosome loss (Fig. 4a), vagrant chromosome (i.e. moving/wondering chromosomes having no 
defined place) (Fig. 4b), sticky metaphase (i.e. clumping of chromosomes in metaphase stage) (Fig.4c), c-
mitosis (i.e. induced abortive nuclear division leading to the doubling in chromosome numbers) (Fig. 4d), 
binucleated (i.e. cell having two nuclei) (Fig. 4e) and micronuclei (i.e. small nucleus formed whenever a 
chromosome or a fragment of a chromosome is not incorporated into one of the daughter nuclei during 
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cell division) (Fig. 4f). The most frequent aberrations were c-mitosis, vagrant, and stickiness 
chromosomes at all the tested wastewaters concentration.  
 
 
Fig. 4: Chromosomal aberrations observed in root tip cells of A. cepa exposed with different 
concentrations of CETP treated tannery wastewater. (a) chromosome loss, (b) vagrant chromosome, (c) 
Sticky metaphase, (d) c-mitosis (e) Binucleated (f) Micronucleated.  
 
The percentage of aberrant cells was concentration-dependent and it was the highest (38.3%) at 25% 
wastewater concentration. The induction of various chromosomal aberrations in the root tip cells of A. 
cepa was possibly due to the presence of residual organic pollutants as detected by GC-MS and heavy 
metals including chromium (Kumari et al., 2016). 
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Table 5: Different chromosomal and nuclear abnormalities observed in root tip cells of A. cepa exposed 
with different concentrations of CETP treated tannery wastewater.  
Values are mean ± SD (n=3). Chromosomal aberrations were scored on 500–1000 cells per slide. The *refers to 
statistically significant difference from control (p<0.05), TWW= Tannery wastewater 
 
Stickiness is considered a common sign of toxic effects on chromosomes probably leading to cell death 
(Rojas et al., 1993). Stickiness of chromosomes may also occur due to either increased chromosomal 
contraction and condensation or depolymerization of DNA and partial dissolution of nucleoproteins 
(Turkoglu, 2007). The occurrence of chromosomal loss and vagrant chromosomes suggests spindle 
failure (Haq et al., 2017). Colchicine mitosis (c-mitosis) is defined as the inactivation of spindle followed 
by random scattering of chromosomes around the cells. The wastewater induced a high frequency of c-
mitosis, which has been also shown by other studies indicating that wastewater is comparable toxic to 
colchicine and thus capable to induce C-mitosis.   
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Conclusions      
The Residual organic pollutants and toxicity characterization studied of CETP treated tannery reveals 
toxic nature of wastewater with the following observations: 
• CETP treated wastewater was found to have very high BOD, COD, TDS, sulfate and phenolics 
which are above the prescribed limits. 
• The wastewater contained high level of toxic chromium (7.39mg.L-1) and a variety of residual 
organic pollutants such asbenzoic acid, 3-[4,-(T-butyl) Phenyl] furan-2-5-dione, 
benzeneacetamide, resorcinol, dibutyl phthalate, benzene-1,2,4-triol, and 1-Phenyl-2-
phenylthio.  
• The wastewater was phytotoxic, as it inhibited seed germination, root and shoot in V. radiata 
upon exposure to diluted samples. 
• It inhibited mitotic index and induced chromosomal aberration in root tip cells of A. cepa. The 
observed chromosomal aberration in root tip cells of A. cepa were stickiness, chromosome loss, 
vagrant chromosome and C-mitosis. 
This study indicated that there is a need to adopt a proper treatment and bioremediation strategies to 
reduce the pollution load of tannery wastewater for the safety of the environment. 
Conflict of interest   
The authors declare that they have no conflict of interest.  
Acknowledgment  
The financial support received by Dr. R N Bharagava from “Science and Engineering Research Board” 
(SERB), Department of Science & Technology (DST), Government of India (GOI), New Delhi, India, as 
“Major Research Project” (Grant No.: EEQ/2017/000407) and University Grant Commission (UGC) 
 24  
  
Fellowship received by Mr. Ashutosh Yadav for doctoral research work is duly acknowledged. The author 
Abhay Raj acknowledges the financial support from the DST-SERB (Grant No.: EEQ/2017/000571) and 
Director CSIRIndian Institute of Toxicology Research (IITR), Lucknow (India) for encouragement of this 
work. We also acknowledge to Anil Kumar Singh-AcSIR Ph.D. (UGC-SRF) for their help in site map 
preparation.   
References  
Alam, M.Z., Ahmad, S., Malik, A., 2009. Genotoxic and Mutagenic potential of Agricultural soil irrigated 
with tannery effluents at Jajmau (Kanpur), India. Arch. Environ. Contam. Toxicol. 57, 463-476.  
APHA., 2012. Standard Methods for the Examination of Water and Wastewater, 22nd edition. American 
Public Health Association, American Water Works Association, Water Environmental Federation, 
Washington, D.C. (981 pp)  
Benli, A.C.K., Erkmen, B., Erkoç, F., 2016. Genotoxicity of sub-lethal din-butyl phthalate  
(DBP) in Nile tilapia (Oreochromis niloticus). Arh Hig Rada Toksikol. 67, 25–30.  
Bharagava, R.N., Chandra, R., 2010. Effect of bacteria treated and untreated post-methanated distillery 
effluent (PMDE) on seed germination, seedling growth and amylase activity in Phaseolus mungo L. 180 
(1-3), 730-734.  
Bharagava, R.N., Mishra, S., 2018. Hexavalent chromium reduction potential of Cellulosimicrobium sp. 
isolated from common effluent treatment plant of tannery industries. Ecotoxicol Environ Saf. 147, 102-
109.  
Central pollution control board (CPCB) (2013) Pollution Assessment: River Ganga. Status of Grossly 
Polluting Industries (GPI). {www.cpcb.nic.ii}  
 25  
  
Chandra, R., Bharagava, R.N., Kapley, A., Purohit, H.J., 2011. Bacterial diversity, organic pollutants and 
their metabolites in two aeration lagoons of common wastewater treatment plant (CETP) during the 
degradation and detoxification of tannery wastewater. Biores Technol. 102, 2333-234.  
Chandra, R., Bharagava, R.N., Yadav, S., Mohan, D., 2009. Accumulation and distribution of toxic metals 
in wheat (Triticum aestivum L.) and Indian mustard (Brassica campestris L.) irrigated with distillery and 
tannery effluents. J Hazard Mater. 162, 1514-1521.  
Chauhan L.K.S., Sundararaman, V., 1990. The effect of substituted ureas on plant cells I.  
Cytological effects of isoproturon on the root meristem cells of Allium cepa, Cytologia 55, 91-98.  
Chen, X., Xu, S., Tan, T., et al., 2014. Toxicity and estrogenic endocrine disrupting activity of phthalates 
and their mixtures. Int J Environ Res Public Health 11, 3156–3168.   
Chowdhary, P., Yadav, A., Singh R., Chandra, R., Singh, D.P., Raj, A., Bharagava, R.N., 2018. Stress 
response of Triticum aestivum L. and Brassica juncea L. against heavy metals growing at distillery and 
tannery wastewater contaminated site. Chemos. 206,  
122-131  
Deepa, S., Valivittan, K., Indira, V., Tharadevi, C.S., 2011. Characterization of tannery wastewater, 
Thirumudivakkam, Chennai, Tamilnadu, J. Basic. Appl. Biol. 5 (1&2), 265-270   
Dixit, S., Yadav, A., Dwivedi, P.D., Das, M., 2015. Toxic hazards of leather industry and technologies to 
combat threat: a review. J Clean Prod. 87, 39-49   
Egito, L.C.M., Medeiros, M.D.G., de Medeiros, S.R.B., Agnez-Lima, L.F., 2007. Cytotoxic and genotoxic 
potential of surface water fromthe Pitimbu river, northeastern/RN Brazil. Genet. Mol. Biol. 30(2), 435–
441  
Fiskesjo, G., 1985. The Allium test as a standard in environmental monitoring. Hereditas 102(1), 99-112   
 26  
  
Gao, D.W., Wen, Z.D., 2016. Phthalate esters in the environment: A critical review of their occurrence, 
biodegradation, and removal during wastewater treatment processes. Sci Total Environ. 541, 986–
1001.  
Haq, I., Kumar S., Raj A., Lohani, M., Satyanarayana, G.N.V., 2017. Genotoxicity assessment of pulp and 
paper mill effluent before and after bacterial degradation using Allium cepa test. Chemos. 169, 642-
650  
He L, Gielen G, Bolan N.S., et al., 2015. Contamination and remediation of phthalic acid esters in 
agricultural soils in China: a review. Agron Sustain Dev. 35, 519–534.  
Kasoobi K. 2017. The assessment of treated wastewater quality and the effects of mid-term irrigation on 
soil physical and chemical properties (case study: Bandargaz-treated wastewater). Appl Water Sci. 7, 
2385–2396  
Kumari, V., Kumar, S., Haq, I., Yadav, A., Singh, V.K., Ali, Z., Raj, A., 2014. Effect of tannery effluent 
toxicity on seed germination á-amylase actibity and early seeding growth of Mung Bean (Vigna 
Radiata) seeds. Int J Lat Res Sci and Technol. 3(4), 165- 
170  
Kumari, V., Yadav, A., Haq, I., Kumar, S., Bharagava, R.N, Singh, S.K., Raj, A., 2016 Genotoxicity 
evaluation of tannery effluent treated with newly isolated hexavalent chromium reducing Bacillus 
cereus. J Environ Manage 183, 204-211.   
Leme, D.M., Marin-Morales, M.A., 2009. Allium cepa test in environmental monitoring: a review on its 
application. Mutat. Res. 682, 71-81.  
Lofrano, G., Meric, S., Zengi, G.E., Orhon, D., 2013. Chemical and biological treatment technologies for 
leather tannery chemicals and wastewaters: A review. Sci Tot Environ. (461-462), 265-281.  
Lyche, J.L., Gutleb, A.C., Bergman, A., Eriksen, G.S., Murk, A.J., Ropstad, E., Saunders, M.,  
 27  
  
Skaare, J.U., 2009. Reproductive and developmental toxicity of phthalates. J Toxicol Environ Health. 
12(4), 225-249.  
Lyu, J., Parkb, J., Pandey, L.K., Choid, S., Lee H., Saeger, J.D., Depuydt, S., Hand, T., 2018. Testing the 
toxicity of metals, phenol, effluents, and receiving waters by root elongation in Lactuca sativa L. 
Ecotoxicol Environ Saf. 149, 225–232.  
Marco, E.D, Savarese, M., Paduano, A., Sacchi, R., 2007. Characterization and fractionation of phenolic 
pollutants extracted from olive oil mill wastewaters. Food Chem. 104, 858– 867.  
Matsumoto, S.T., Mnlovani, S.M., Malaguttii, M.I.A., Dias, A.L., Fonseca, I.C., Morales M.A.M., 2006. 
Genotoxicity and mutagenicity of water contaminated with tannery effluent, as evaluated by the 
micronucleus test and comet assay using the fish Oreochromis niloticus and chromosome aberrations 
in onion root tips. Genet mol Biol.  
29, 148-158.  
Minuti, L., Pellegrino, R.M., Tesei, I., 2006. Simple extraction method and gas chromatography–mass 
spectrometry in the selective ion monitoring mode for the determination of phenols in wine. J 
Chromatogr A. 1114(2), 263–268.  
Mishra, S., Bharagava, R.N., 2016. Toxic and genotoxic effects of hexavalent chromium in environment 
and its bioremediation strategies. J Environ Sci Health Part C. 34(1), 1-32  
Montalvão, F.J.M., de Souza, A.T.B., Guimarães, I.P.P., et al., 2017. The genotoxicity and cytotoxicity of 
tannery effluent in bullfrog (Lithobates catesbeianus). Chemos. 183, 491-502  
OECD, 2003. Guideline for testing of chemicals (2003 draft). Terrestrial plant tests: 208: Seedling 
emergence and seedling growth test. 1-19.  
Oliveira, H., 2012. Chromium as an environmental pollutant: Insights on induced plant toxicity. J Bot.  
Article ID 375843, 8 pages http://dx.doi.org/10.1155/2012/375843 Papa, M., Ceretti, E., Viola, G.C.V., 
 28  
  
et al., 2016. The assessment of WWTP performance: towards a jigsaw puzzle evaluation. Chemosphere 
145, 291-300  
Pathe, P.P., Kumar, M.S, Kharwade, Kaul, S.N., 2004. Common Effluent Treatment Plant (CEPT) for 
Wastewater Management from a Cluster of Small Scale Tanneries. Environ Technol. 25(5), 555-563.  
Rojas, E., Herrera, L.A., Sordo, M., Gonsebatt M.E., Montero, R., Ostrosky-Wegman, P., 1993. Mitotic 
index and cell proliferation kinetics for identification of antineoplastic activity. Anticancer Drugs, 4(6), 
637–640  
Rusan, M.J.M., Albalasmeh, A.A., Zuraiqi, S., Bashabsheh M., 2015. Evaluation of phytotoxicity effect of 
olive mill wastewater treated by different technologies on seed germination of barley (Hordeum 
vulgare L.). Environ Sci Pollut Res. DOI  
10.1007/s11356-014-4004-3  
Salminen, J.P.,  Karonen, M., 2011. Chemical ecology of tannins and other phenolics: we need a change 
in approach. Funct Ecol.  25, 325-338.  
Saxena, G., Chandra R., Bharagava R.N., 2016. Environmental pollution, toxicity profile and treatment 
approaches for tannery wastewater and its chemical pollutants, Rev. Environ.  
Contam. Toxicol. 240, 31-69  
Srivastava, D.K., 2015. Cytotoxic effects of paper mill effluent on Allium cepa L. Int.  
          J. Mult. Res. Dev. 2, 657-661  
Shukla, O.P, Rai U.N., Dubey, S., 2009. Involvement and interaction of microbial communities in the 
transformation and stabilization of chromium during the composting of tannery effluent treated 
biomass of Vallisneria spiralis L. Biores. Technol. 100, 2198–2203.  
Sukumaran M., Murthy R.V., Raveendran, S., Sridhara, G., Netaji, S., 2008. Biodiversity of microbes in 
tannery wastewater. J. Ecotoxicol. Environ. Monit. 18 (4), 313-318  
 29  
  
Tare, V., Gupta, S., Bose P., 2003. Case studies on biological treatment of tannery effluents in India, J. Air 
Waste Manag. Assoc. 53, 976-982  
TFL., 2010. TFL Eco Guidelines. .http://studylib.net/doc/10930843/december-2010-tfl-ecoguidelines   
Thakur, I.S., Srivastava, S., 2011. Bioremediation and bioconversion of chromium and 
pentachlorophenol in tannery wastewater by microorganisms. Int J Technol. 3, 224-233  
Turkoglu, S., 2007. Genotoxicity of five food preservatives tested on root tips of Allium cepa L. Mutat. 
Res. Genet. Toxicol. Environ. Mutagen. 626, 4-14  
U.S. Environmental Protection Agency (USEPA). 2004. Guidelines for Water Reuse. EPA/625/R-04/108, 
September 2004 Municipal Support Division Office of Wastewater  
 Management  Office  of  Water  Washington,  DC  
http://www.ehproject.org/PDF/ehkm/water-reuse2004.pdf  
United State Environmental Protection Agency (USEPA), 2012. Universe of Chemicals for Potential 
Endocrine Disruptor Screening and Testing. https://www.epa.gov/endocrinedisruption/universe-
chemicals-potential-endocrine-disruptor-screening-and-testing  
United State Environmental Protection Agency (USEPA), 2014. Priority pollutant list.  
https://www.epa.gov/sites/production/files/2015-09/documents/priority-pollutant-listepa.pdf  
William, W.A., Messai, A.M., Penny, P.G., et al. 2017. Phenolic Compounds in Water:  
Sources, Reactivity, Toxicity and Treatment Methods, Phenolic Compounds Marcos Soto-Hernández. 
IntechOpen, DOI: 10.5772/66927.   
Yadav, A., Mishra, S., Kaithwas, G., Raj, A., Bharagava, R.N., 2016a. Organic pollutants and pathogenic 
bacteria in tannery wastewater and their removal strategies. In: Singh, J.S.,  
.and Singh, D.P., (Eds), Microbes and Environmental Management. Studium Press (India) Pvt. Ltd, pp 
101-127.  
 30  
  
Yadav, A., Raj, A., Bharagava, R.N., 2016b. Detection and characterization of a multi-drug and multi-
metal resistant enterobacterium pantoea sp. from tannery wastewater after secondary treatment 
process. Int J Environ Bot. 1(2), 37-42.  
